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(54) OPTICAL FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To attain the wavelength dispersion 
compensation of an optical signal and the distributing function 
to a desired optical path thereof. 

SOLUTION: This optical filter is provided with one input port 1 2, 
three output ports 14a-14c. three optical circulators 16a-16c. 
and three FBG parts(fiber Bragg grating parts) 18a-18c. arid 
each FBG is formed of chirp gratings 20a-20c. The input port is 
connected to the first port of the first stage optical circulator, 
and the output ports are connected to the third port of each 
optical circulator. The second port of the first stage optical 
circulator is connected to the first port of the second stage 
optical circulator through the first stage FBG part, the second 
port of the second stage optical circulator is connected to the 
firsts port of the third optical circulator through the second 
stage FBG part, and the third stage FBG part is connected to 
the second port of the third stage optical circulator. 
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(57) ISt^I 

h 1 4 a 1 4 c i: 3{@(0^-¥— 1/—:? 1 6 a 1 

6 c <h 3<®oFBG&l5 (:7r-r^^-:^^^;'^^i^-7"-r>^ 
>/giS) 1 8 a --1 8 c <t:4rAx. ^FBGSr^^r-:/ • 
^U— 7-^>'i/2 0 a'-'2 0 c-C«^-rSo 

iC^FBGSlSr'^S^U. f^2m^<0±'^-^^\^-^<D 

<t(7)r«1^m2Si<^FBGgp-Tr^-&L. m^®:^<0%-^ 
^ l^— ^ 2 7}^- h 3 S S (7) F B G ?fPSr*g^ 




1 , 

H 1 © g <7)^1^- 3. u- ^ IS 1 jjf- h t HulS A;'] 'J^ 

m i ( i f± 1 g i gN - 1 t:mit-rmm (o^^~ 
^z^u--$'(Dm2yf^-hkm (i + i) ©e<07ti^-=¥ 

^ i © @ (75:7 r -T ^i?" ^-7^ ^'>'^Se^r«fi£-r 

— ^ 2 jK- M'jig-^ LT 19 . 
HN^ i (O 7 r -r 5/ 1^— 7^ >'^^fPS:«Rg■r 
#miE7t■t^-=^■=.^—<5'<^m3^?- hSr^n^nesu© 

lli:*Jl 2 ] It*^ 1 IdfE^ro^t -7 ^ yp^ ^T, 
tt 1 oro5^ ^ K 7 r ^' ^ 1^-7^ ^^T-^fi£ L/C 

S^*S7)5. HfrBEA;'3:«f- M'A;^$tvSiSS^fi5tm^ 

[W*^3] li*^l*/t{i2fCfB®ro3t7-c/u^iC 

g^tS^lg (i + l) ^S(oyT'{^<-:f7iyyyi—r- 
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miWc.^<Dy7^^<^yvi^y^-'r^>'^U^m^ir 
^ —zf Yy7^^<if\^—y->{> ^(DmMm.^^^(D 4" 

U-x ^' V^?:^n^ttJi?fiK LT S r t ^il^m 

[0 0 0 1 1 

20 fi^ J!SS#^S (WDM ; Wavelength Division Multiple 
Xing) 5tjffim(ifflV^Tifffi/£3t7>f>'U^(rM-f--5, 
[0 0 0 2j 

[0 0 0 3] :L(ni.ofm^y -o^^^^Wj^W^m^ 
iLT. tJejfe, ^T'f •'^^^ s'i/i/L'-T^-f Vi/ (Je; 
T, rpBGj i: '{>B&ir>-rS, ) ;45^ffl^i^TV^^, F 

7t-bOT-C'fc5 (5:itl : rj$;ffli^a ||66# ^1^ 
1997¥ pp. 33-36J #RS) „ ^LT. F 
BGro^&^^^Rg*tt^r[6I (5t(73e«B:^|pi) l::?&o-C*l^ 

r • ^u— T'^vi^j irfc^T'-fS, ) Srfflv^-Clo 

r^>*W5£x |g4 5 ^6^(1996) p. 30 

2j icffl^^nrvs, 

[0 0 0 4] %tz^ rWFBGIi, 0iJxtfS:iSfc3 : r>K 
SiRFffUS 3 6 7 5 8 8-^J irBgjp^nXl^SiatS-^^ 

i/^fcHSo r(75{affi-^:^i5'(4. ^Jx(iS:iSfe4 : Tele 

CTRONICS LETTERS 18th Mar 
ch 1 9 9 3 Vol. 29 No. 6 p^. 56 

50 6 - 5 6 8j i::5a7PSixri/^S:^feiwJ:o-cf^j5£-r5r 
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[0 0 0 5] 

:L^^2.^<om^^^t:rt-%'7 A^^^^. FBG^ 
[OOO6]0iJx«. FBG(7>KttJKS^^^S*t;^-< 

(1) -c^^n^c 

[O 0 0 7] AA = 2 L/ (C • D) (1) 

mb. IB^LfiFBG*. l2^C(:±3t<7>jg.g. IS^Dft 

^J-iSc^iS^r^tt^'tb^LTV^^o (1) 

filD ^— ^tc-r ^5 ^ F B Gft L EWMI^^m^ 

FBG*Lt^lt0*JbT>:^</cf6:6>^. Br^m-yy^^^ 
T-^^-r 5?gS5J-tfi:l:^^::^# F B G* L < 

[o 0 0 8] 0fJx.(^. 1. 3/im^5>tfc>'r-r^^'4»t:: 

1. 5 5 MmCOjSftCO^^e^^-ltyt:®-^. 1 k mfc/c 
I? 1 7~ 1 9 p s/nm(7)5^tSc;it?^^-t-^o ^for. >g 

^SE^:^^ 10 0k mcD^^-g^tcfi rroo-^-igoops 

(1) tCt^5.t. ^lm'b^7)ft^(OFBG:65ie:^^-efe 
60 b75>b?i75*P>. 1 O O 

mmm*t^ L;5^f^J5£~r'#-r. t^oTl 0 0 mm J: (9 

[0 0 0 9] ti^oT. t^^J:'9. ^^<D%\%%<D1^W^ 
[0 0 10] 

[l^JgS:i}?*-r'5yti6(7:»^^] ^r-c% z.<omk\z-%^ 
.,[0 0 1 1] ^r-c% rcT^^Wco^t^^^/i-^tCcfcixt^. 
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6 NffiO >^ r 1/— X ^ > 
(Jt^T. rFBG^Pj b\>Wt^o ) <^^*x. ^'r^ 
^<'f'7v^^\^-''r^i^^^(r>^^^\X. ijB^L<{±)ii 
ac^J (c^^ L ^ -V - K r >f ^ 

Tl-T. ||1?K- h(rA;^$nfc5tm-^?r^2:?K- h7)- 

1 h bKt^if^— V h SrSg-a^bTfe 
»9> IS.i ( i (il ^ i ^N- 1 ^rSfc-rS^) <^3t: 
i^-:^lr^U-^0||2/J^- hilg (i4-l) ^gc^^fef- 

[0 0 12] z.<r>X.o\zmySL't^^. Ati^^- h\cAt} 
C^FBGg|5^^f>S#t^tLfcii9. FBGgjS^ 

[0 0 13] mi&^<OFBG^<DlR%ii^^m 
JKSA. lioJztJ^A 2^-^^. IS2g:BOFBG^fiS 

^bT. A;^i4^— h(-4»'il>iSSA 1. A 2. A3ib^J:t/ 
A 4(0*m-^;6>^fibytiKfi#S7tm-^^A;^-r^o :i 
<7>KS#SJtft^li. A;^?i^- ^^STml©g^?^*1^ 
— ^^u— ^(omi^i^- ht-A;'j-r^o ^v^T. 
S^a^m-^li. |glS:@^03ti^-=^^l — ^(7)|g2 7K 
40 - hS:SxmiSP<^FBGa5tcA;'J-r^o 

[00 14] rcDHlSgOFBGgPtCioV^TIi:. f^'tL^ 

A lioJ:t5A 2(D^{t-^fi. FBGSP{Ciol.^-CS#+$n 

^z,t\cx^^m'Am:^mm^n^o FBG^Fpt^^ 
6 (5:[Sfc2#fla) rnxmrn^mm-t^o 

[0 0 15] ^bT. :z<D^'bmVX l:^^XfX 2<D^ 

50 ft^(i. Scft5>ftfc;^5*ifS^ttfc^m^i b-c. ^im@ 
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[0 0 16]-::^. ^^L-m-RX Sisxxj^x 4:(Dytm^- 

rom2^g(OFBGgi5{Cj:orKtt$nT. nXJ^m2 

mhnt>ti^o^i^x^ ^^L^m&x 3:ioxtj^x4(o^m 
[0 0 18], ^fc. :L(D^m(D^::7^/u^<Dtt^mmmm 

^^\-^^^-r—':fVyr^^<ifi^—^-(>:^xm^\^ 
[0 0 1 9] :ic^J:5(-«^-mfl. A;^?K— htcA;^ 

[0 0 2 0] ^r^T% 5^^ — Kr7T-Y/>'^ 1^—7"^ 
^^^$:f:iCi6<!r-r6FBG^S®-r55fet-li. ^(7)FB 

(^J;^f^. 5:fSfc5 : rii^t»«iim^^^:$:l£ c-i 

Vol. J80-C No. 1 pp. 32-40 
1 9 9 7^1^ J CD^3 5M(^)EI6#RSJ ^ 
[0 0 2 1] ^rT% ^U-7"-<>^(^?'7'^:y^5ltzS 

F BG^^-^n-e'tii 0(^)f"-^— 7?" K:7t-<^<^U— 7^ 

-o^T'pfiJcU. $b^^^ff*L<^l. aii^@o:7r>r 

^^y^:y^^l/-7^^ V^g^(OK^gcg^«Sr|g (i + 
1) m,^(oyT^^^^vv^^^—y~-{>'^^<oKtA1&, 
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[0 0 2 2] roj;.5t-«^-rtt«. 

fhfzF BG^<D^^mM't^o rofcit). #FBGtr:}b^ 
V^-C. ^^FBG^Si§-f ^7tft-^(^5%0. FBGa 

mm) (Dm±i:nmir^-t:^-x^^o 
[0 0 2 3] *fc. r<7)^p^^D5^::7></^^^c^ov^T. m 

*L<li. :7r^>'^>^^ ry^^i-'-T'^ >^^a5i^#^ 
10 Sr. K\^^{zRM^m^m(om^J:^mm(D^-r-:fh*yr 

[0 0 2 4] :L(DXo{cmf&-tfhi^. Xt}n^—h{ZA^ 

#FBGg^Sr-^tL^*^x«^(^^-^--r K:7r-< 

^<—^\:—'T>(>^xm^-t^(r>x. m^<D^^—'y^v 

20 [0 0 2 5] ^7t. ^i/-^->r>^t^SttS^;RJ: "9 
^^m(om't(0^9k(r:>^^^nU^^tzmz^ rtD^PJ 

(D^y ^^\^^\Z^\i^X^ ^FBG^^^^^fhm.Wi<0^ 

^—rf Yyr^^^^^—^-i>^xm^\^fzm^^ 
tcifiL<(±. m imn(DyT^^<zfyy^<^u--y^^ 
>^^?fI50SMfeSS^^^ (i + 1) ^g(7)>^T-r^^:/ 

V^^m^-r^^^^—^h^yr^^<^i^—^^>t^<D 
30 KS^«^7)4^.il^^eoMv^|I|St^, m i 

^u-y'^>^^U^m^'r^^^^-^h^yr-<y<^i^ 

—T>(>^<D^^^. ^m'f-^—yvyT^''<vu^'r 
yf^-'^z^u—^mf)^ibm^-fx^<<Dt^^S:\^\ 

[00261 wOJ:9 tc^f ^-rtif^. *ft-^(±v 

tltzF BGU<0^im^'i-^o *bT. <@>!r(7>FBGS|5 

40 ^^&^mm:^m&»mnzm'^^tifz^-r-y'h^yr4^< 

^^--'r ^ > ^(O^^m^-t^o :icofci6. ^-FBGtc 
^b^v^T. m%FBG^^m'r^%m^(r>o%a:>^ FBG 

[0 0 2 7] ^(D^m<r>%y ^ ;v^\zi6\,^x^ # 
F B G Se<^^tt^*n«i6cc^^ -V -^Vyr^^<y \^—'r 

^^y^^U—y-^>^^<D^A^{Z:}a\,^X. ^y T 

50 
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[0 0 2 8] Z(DXo{z^ ^%i<D^-r—':fVyr^y<^ 

[0 0 2 9] 

[00 30] (Hi OSSfeO?f^ffi) 5fe"r. llllS:#BBL 

^i^(omtj:^'7r^^'^^'7y^^\^—r-^i^^U (FB 
G) <h^A;tTV^5o 
[0032] ^rT% Hi <^)Slffi<^?KSg(D7t:7 yu^ 1 

4 a, 1 4 b^b^<fct5l 4 c 3 ^BO^i^— ^^r ^ ^ 
16 a, 1 6 b*>ctt/l 6 c i:. 3 iHCDSlVMr^ttS^S 
^i^c7)^/^5FBGjfl5 1 8 a. 1 8 b J:I>* 1 8 c <!: ^ 

[0 0 3 3] ^LT. H l©ic^FBG|R51 8 a fi, ^ 

s;ia-;ib (Aa<Ab) (oR^m&m^^m-t ^ t 

-r^o -^fc. H2S@cDFBGSi51 8 bfl, SESlb — 

;i c (;ib<Ac) (DRm^^mm^m-r^t-r^o * 

fc. HS^gt^FBGgPl 8 c(t. d (X 

[0 0 3 4] L/c75?oT. zcDmm(Dmm\c^^^x}^^ 

Hl^@OFBG^f|5l8 a (7)S#tzSSSAS^H2Si(7) 

FBG^asi 8 b<DRitii&-&mm^^ hMm^mimmi. 

X^^. H2^g(^FBGgi51 8 bCOKttS^S^ 

«^H3^@(7)FBG^f|5 1 8 c (DStt^SS^E J: >9 t>M 

KSffiijtc^:^:L-cfcSo 1^. :^(Dmm(Dmmxit. hi 

^@ioJ:r;^H2®@<7)F BGlFPl 8 a:feJ:t;5l 8 bOS 
#t^S-S^«<^f^ *JJ:t>\ H2©@^oJ:U^H3Sg(7) 
FBG^fPl 8 b:JoJ:t/l 8 c coSttSS^^fiiT 9 LSrig 

[0 0 3 5] r<7)^q^tcJ:titl. :7r-r^^7'^:y 

^sx^xmri^i-xh^o 

[0 0 3 6] ^:ix\ :i(Dmm(Dmmxi'^. fbgifpi 
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8 8 — 18 c o^^^Sr-ett-e^ti 1 o(7:>^-v — K:7T-f 
-^^^i^—x-r (^-y — • — "r-o^) 20 

a, 2 0 b:^XV^2 O cX&.-DXm^L^fz.mt'r^o t 
L-C. FBGJFPI 8 a--! 8 cO^>«r(DSttJK:S^« 

[00 3 7] ^ft^S^tCfi, 0tjx.*^. HlSec^FBGl 
8 a (OSWa^S^*SA a - A b(l. i^ftA lioJ:OJA 2 
Sr-^t? (Aa<Al<A2<Ab)o H2Sg(7) 
10 FBG 1 8 b(^RItiKSft:*^A b'-A c fl, JKS A 3 :ib^ 
XXIXA^-^ts (A b < A 3 < A 4< A c) o *fc. H 
3]a:gOFBGg|5 1 8 cc^^ttiSeS^A c - A d 1^. 
JSSA 5:JoJ:t/A 6 ^^tf (Ac<A5<A6<A 

d) o 

[0 0 3 8] 0 1 {r^oV^T*^.' ^-r—^ ' ^U—y' 
^>^2 0 a:JoJ:052 0 b (7)?R55^lr[E]W^^^^«^^^^^ 

So 

[0 0 3 9] ^yb. rO^eq-T?*!. yt^—^=z.U--^(D 

^Tv^-c. m h{cAti^n^^m^-^m2 7i^— h 
[0 0 4 0] ^^x\ mi<Dm&<DmmA^irs\^^xn.^ 

:ar^ 1 6 a , 1 6 b 1 6 c 

min^-ha^ H2 7}f- h bioJ:t>*H3 7jf- h c >^^X 
30 ri.^-5o ^UX. #3t1^^^^^-<— ^ 1 6 a. 1 6 b 
J:V^1 6 c(t. ^ti^-^^^^^-^t^^gPT^^^Hl^- h 

a{^Ati^th^^m^^m27f.-'hb:^>hmti^^. :i 

^ixfcJtft^SrH 3 h c ^-tirS J: 5 Jc^^ 

[0 0 4 1] Hi©g<^7ti^ 

40 h^o 

[0 0 4 2] ^^x\ mi<omm<Dmm{:^^^^x{'^. m 

1 — ^ 16a (DH 1 h a <i: A;^ 

4^- K 1 2 <t ^^S-g^LTfcSo ^tz. #^-9— ^^L 

^$^16 3. 1 6 b:}oJ:i;^l 6 c(7:)H3 7K— h cfi. ^tt 
'^*timm<Dmtiyi^— h 1 4 a . l 4 bi^ctt^l 4 ctCj* 

[0 0 4 3] ±aib:^cr;Hb(7)^-g^{^li. ii^O^^'T 

[0 0 4 4] *fc. Hi^@ ( i fi 
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27ii—htm (i+l) ^B<D^'^—^zi.U—^(Dmi 

[0 0 4 5] ^r.-c% W,\<r>WS^(Dj(m\z.^\^^x\±. n 

— 1 6 a (Dm^if^— V b i: » 2 g ^ I/- 
^16 bc^HlTj^— ha irO^I^HU^gcDFBGlfiJl 
8 a ^STSS-a^UTfc^o ^2g:g(^^i^— :3r^ 

^ 1 6 b0^2 7K- h b i:|^3^@<D3ti^-^r^U 

— 1 6 COS 14^- ha <!:OP«1^||2JSg(^FBGgi5 

1 8 b ^STSS'&Lrfc^o 

[004 6] t^oT. FBG^l 8 a LT. 

mi®(7)miSi<^3ti^-=^^t ^ 1 6 a irmScDm2 

S@0O7^f:1^-^^ 16b <!:(Dr^1T*ptft-^<7)eii&;05 

fj^^o FBGgpi 8 b^3t®SS<i: bT. HuSO 

^2Sg(^*f— =^^1^— 16b t^^(D||3S@(0 
5t-!^-:ar^l— 16c b<Of^-^Mt^^(0&mmfSik: 

[0 0 4 71 ^/c. ^(^^P^^-<^:t^f^. -r/cCt? 

[0 0 4 8] 'm\<o%m<onWi^^\^x\±^ m 

^'i'^^^—'f ' ^u—'r>(:y^2 0 a (i, ^(Di^'^^m 
RScOJ£v^ffllJ(7)^l— >'^ffl2 2 a SrS 1 ©@ ^^3^:1^ 
-:ar^U'->^ 1 6 a<D|S2 7j^-hbt::*£-^LT$)6o 

^^mm<Dji:\^m(o^ ^ :y^ii&2 2 b^ii2Sg 

(O^-^—^z^ Ix— ^ 1 6 b (Dm 2 h b l::^^ UTfo 
[0 0 4 9] ^fc. r<^>^^[ci:nf^. llNSi-r^.^^ 

1^- =3E. ^ I/- ^ OS 2 ^— h t::^^ LT 
[0 0 5 0] ^^X\ Si ^^ll5£^^?f$«it^ib^V^X^i. S 
3®g£DFBGa518 c ^^S^-f - ^ 7^ 

>r>^2 0cii. *&^rpm(^>j£v>ffly(7)>rt^-^^ 

2 2c i:m3^n<D^'^—^z^U—^ 1 6 c(^S2:^K- 
h btC^g-g^LTfc^o t^. rcDFBGgiSl 8 c(Dfaffi, 

•r?'^:b-ip. r-^>i^i&2 2 c ti'^RMm<Di/u- 

mntzM S^iggSi: Lr«^-r5c^;d5^v\ 

7K-h Otj^-^-T) dJS-g^LT. **^^(^FGBgISl 8 
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[0 0 5 1] *fc. S 1 (^IIJ£t^JgflgT-(i. ^FBG^ 
ISa-lSctl. 7e::7r-r/^T*J[^oT?i^MK-t-§<^^^» 

r3 r (c^ -t — K :7 r ^ I-'— r ^ L- 

v\ 

10 [0 0 5 2] ^fc. S 1 O^^S^7)?f^ffiT*ffiV^53t:7r-r 

Bi^L<n. miti^V^^^ (S i02 ) ^±^^ 

y<(Dm^^. *f^L<fl> 1 1 0^-1 3 0/z mga<i:-r 
^o */c. =irO[i:@^, $f^L<t^. 10//mSSi: 

[00 5 3] 3fe>^r-r^^[c^-t-:/K>'r^>''^:^^i-— 

(i:St3) ^fflV^^i:^V\ 0iJ;ttf. 2 4 8 nm(^>iK:^ 
cou— if^?:K r F^^^ev^U— if^ta^, {yM^^-y^ 

^ ^ K :7 r -Y ^ 1^-7^ ^ > ^/i-m 

30 [0 0 5 4] EI2^#BS.L-C. — >^K:7r>f^ 

[0 0 5 5] 3fe-f. 'f'-r—^' ^U—7'A>^2 io<Dm 
6(D*&^PpmcD^fcJEz:V^a55>C7)r^1P^^AL ^i-^o ^ 

is^^r^iPi^. r(D^^-r • v^2 6os#+ 

40 OPpltrfi, ^t^^*nTI20 (2) ^1i6^Xj (3) ^{vl^ 

[0056] la=2-n^ff - As ' • ' (2) 
A b = 2 ■ n«:ef • Al • - • (3) 

-To 

[0 0 5 7] Ik^X^ (A a < A 1 < A b) <^)3t 

\%^-h^^ Z<D^^—:f'Vu—'r^>^2 6XR$t^^ti 

^m^\c-D\^^xmm'r^a ^sa. o5t{t^t'fi. iss 

50 (=Ai -f A) <!:S'r. *fc. r 
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(=A. -A) tm-To m'^(D^::^r^y<^&m 
[0 0 5 8] ^-y— TT'- ^x^—T-^^^z 6tr, 

n b (7)KmEP«1(^JEgl A X (D 2 {gcD^tSSM 2 A X 75?^ 
[0 0 5 9] ^tC. ^10j|fficD?|^ffi(D7fe'7^/Ui$^ 1 0 

2. as. A 4. a 5^Qj:t>u 6^m^/;)5^iL$ix/c& 

[0 0 6 0] 5t-r. "^'L^ifefia l-a 6(^&ft#^fi$n 
/c3t;{t^^3t:7^/u^ 1 0OA;^Jl^- h i 2 A;^-r 
§o A:^^-hi 2tcA;^$nfc:^KS^S5tm^(i. IS 
l^@(D3ti^ — =^^1^— ^ 16a <7)||1 4^— h a1oJ:U« 
|g2 7K-hb^S-CmiSgi7)FBG^FPl 8 a A;^ ^ 

[0 0 6 1] ^»'L^JSS a 1 a 6 cT^Tfeit-^-^^ 0 ^<0. ^ 

1 8 a t:^J:oTS#t^ti6o r(DmiSg(^FBGgi51 
8 a {^^ott^SWtwio-C. q^^L^'JSSA 1 ^^nX 2(D 

^n/c A li^ctU^A 2e?^3t:m-^(i. ® 2 Tjf — h b SrST 

^ 1 6 a.tcAj^j^tL^o ^\m^<D 

%^—^=^U—^lQ2^\cnrJXt)^fhfz,^*L>'^^X 1 

1 o(Dm\m^(D^ti^-—v 1 4 a:^i-btti;^^n5o 

[0 0 6 2] ^*L^^^ A 1 - A 6 <^^m-^C0 0 ib 

(D. ^^L^i^AX 3-^X 6(D^m^lt. Igl^gcOFBG 
^FP 1 8 a ^jgi§-r5o |glg:g(7)FBGaSl 8 a 

^^U— ^ 1 6 b<Dmin^— h a \CAt)^tl^o 
[0 0 6 3] ® 2©@^D^1^— — ^ 1 6 b<D||l 
tK- h a ScA;^^ixfc4'^L>iSSA 3 -A 6cD3tm-^(i. 
^27jf-hb^ST. ||2SgOFBG^i 8 b(;::A;^i 
^n^o ^UT. ^''L^KftA S-A 6(7)7tm-^CO^"^ 

^^'L^^SftA 3*5J:0:a 4(7)3t;<t-^(i:. II2S1(7:>F 
BG^FPl 8 btCj:o-rStt$n^o r(^)|g2©gCQFB 
GgUl 8 blc^ottSSt+t::J:oT. ^-'L^KSA S^^Xf' 

T. ^#t$tLfcA 3*5j:OfA 4(D5tm-^(i, ^ 2 h 
b ^STfi^C/^2S@(0>£f— ^o-V— ^ 1 6 biZAt! 
^tb^o ^2S@<D3t1^-^^l^-i5^ 1 6 btrSO^A;^ 
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$^fc4^'lL^iKSA 3:JoJ:a^A 4CD^{t^(i, |^ 3 tJ^- h 
c >S:SIT3fe:7^/u^^ i 0(^)||2^g(OtH;^4^- h 1 4 b 

[0 0 64] ^''L^iSe A 3 - A 6 O^^-^cD 5 ^ 

4^'L^iKgA 5:iBj:t/A 6 093tm-^fi. ll2©g(DF 
BG?FI5 1 8 bSrSx§i-6o H 2 CO F B GgU 1 8 b ^ 
Siitfc^^L^i^SA 5:fcJ:t;^A 6(?^5tm-^(i. ^3Si 
l-—^ 16c (^H 1 h a tcA;'^ $n 

10 [0 0 6 51 msm^iDyt-^—^^U—i^ 1 6 c<;0|gl 
jj^- h a tCA;^$ti/ctp^L>^fiA 5*3J:T>*A 6 cD3feM-^ 
{1. m2 7}^"hb^j^r. S3g:g(DFBGa5l8c(C 
A;'j^n5o tLX. ^^b^SX 5^XXJ^X 6(0^m^ 
{i. l|3g:gC^FBG|FI51 8 clrjoV^TRM^iX^o - 
(7)^3^@<DFBGglSl 8 c tr;Jb^(t5Ktt{^J:o-C. ^ 
^L^fegA S ioctU^A 6 c9>fem^cQKg^>tfc:?55-eiL€^;h.*i 
«^it^o -=E:LT. Stt^n/cA 5*iJ:T>*A 6c7)*m^ 

ft. ^2 7i^—hb^mxnxfm3mn(Dyt'^-^z^u— 

^ 1 6 c{zAti^n^o Il3g:@c03ti^— i^— ^ 1 
20 6 c\cnX^At}$nfz^*L-^&X 5:}oXX^X 6 07tm-^ 

mtiT^— h 1 4 c:^^(bmti^fi^o 

[0 0 6 6] moX. ^<D%y^;\^^ 1 0(' J:tt(^. A 
:b^^- M 2 tcA;^ L.fz.^*L^1k^ A i - A 6 ooJSS^fi 
c^3feft-^^x ^-'L^&SA lib^J:t>*A 2 i:. ^^L^Wi^XZ 
^^UX 4 i:. "l^'il^aSSA ^n^XIX 6 i:(7)^iSft^yu 

3tft^<ojSS5>S5:^ffi«-r5o -=eLT. 4»'il>i£gA lid 
<tt5A 2(D%m^^mimi^<r>mf}^-- M 4 a 
30 :7></u>5^ 1 ot^^as-^^tO;^ t. ^*t-^^X3^^Xl7c 

A<D%m^^m2min(omf}yf-— via ht^h%y^;i^ 
6<Dmt^^m3^n(omti^-— via <it^^^y^)\^ 
[0 0 6 7] ^fc. ^(r>m^mx\±. ^m.. -^f^^^m 

iggOFBGSiSl 8 a-(^Slt^S^« (Aa—Ab) 

r^l©. -r/j:t?-ibm2Sg<^)FBGSl51 8 bcDStt 
JSfi^^ (Ab-Ac) tMKgftiJtr^^bX*? 
6o ^LT. rc?:)^2Si<7)FBGgI51 8 bCOStti^S 
40 a^^. -rne:b^>||3©gODFBG 1 8 CCDS 

ItKSSi^ (Ac-Ad) <t "9 t^iSft{RiJ(::i^:£LTfc 
6o :L(Dfzib. ^^L^a^SA 1-A 6^7)V^-f^^^^)5tm§■ 
[0 0 6 8] f^ii. r(D||JS(0?i5fl8(Dl®Rg<h(iiS?t^. mi 
SgcOFBG^FPl 8a<l:^2g:g(75FBGgi51 8 b<ir^ 

^^i.fz.m^\c\%^ ^*L^m&xiisx,xy^x2<Ditm^ 

t"^. mig:@<i:/^oytFBGSl51,8.blcJ:oT^^SM 
50 ^tL^o tSoT. |g2g@<i:/^ofcFBGg|Sl 8 a (CpJ 
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v\ 

[0 0 6 9] ^J.±Wim L/Cct 0 ir. r 

oil 1 c?D||S£o?gffi(7:>7fe:7^/Ui5^(DlSjQg<hl^--T*3b^o 

[00 7 1] m2 <DmM(D]^m<D^y ^/U^ 1 O a 

.8 a ~ 1 8 c (DiX^ ^(DFB 2 8 3^-280 
^*thMcK,X\^^^o ^bT. #FBGa52 8 a-2 8 c 

<DFBGg(S2 8 a 1^1 *J J:^^^ 2 C7:>5^-y — ^ • ^ U 
— T^^V^S 0 a*5j:U^3 0 b-Cffi^-rSo ||2 
®:@COF BG§|52 8 b H 3 J: t>*ll 4 c7)^-^— ^T" • 
^W-7^^>^3 0 c:}oJ:t/3 0 d-CWMK-r^o ^fc. 
||3g;g(DFBGgi52 8 c ^ 5 *5 J: D^H 6 (^^-r — 
^ . >>/3 0 e*3j:D^3 O f Xm^-t^o 

[0 0 7 2] *fc. m2(D||ffiCO?i5ffiT-b. mi^n(D 

(i + 1) ^^(DyT'^>'<yy^y^^^-''r^>^'^<D 

mmxi^^ BG^^^n^^nm^<D^'Y--^ vy r 
4^<i^u—'r^>i^xmf&'r^<ox\ m>^(D^^—>^v 

:^-X^^o 

[0 0 7 3] ^fls:6^}{rft, 1^ U-T ^ 

> ^ 3 0 a (Dj^Mt&S:^^^ Aa — Aab (Aa<A,a 
b^oJ:t/4^'L>feS(i { (Aa+^ab) /2} ) ^"T 
5o ^ti. m2(D^^--:f ' 1^1^-^^ >i^3 0b<DR 
fmS^^Sr A a b-A b (A a b< A b:fo^J:a^"f^L^K 
S(t { (Aab + Ab) /2} ) <t-r6o ^.tz. mS(D 
^^—^ . ^^^3 0 c (7:>Stti^SS®^ A b 

-Abe (Ab<Ab c:JoJ:t>'f/DiKg(i { (A b + A 
be) /2} ) t-t^o ^fz. %A(D^^-"f ' ^\^— 
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T-^>^3 0 d(7?g#tiSft^:K^A b e-^A c (Abe 
< A c^b^J;r>*^''D?Sg(± { (Abc + Ae) /2} ) h: 

RttiSS^^SrA c-A e d ( A c < A c d 

{ (Ae + Acd) /2 \ ) <b-r^o ^fc. ^6 
(n^^—-f' — :/^3 0 f (DSMfift^^^A 
cd'-Ad (Acd<A d^^J:t;^4i'il^i^Sfl { (A e d 
+ A d) /2} ) i:-f 

[0 0 7 4] ^^\z^ m2<omm<owmx\±. ^isg 

nmi^(oyr4^<-fyy^yi^-T-( ^^U^mm.'T^ 
^^-r—^Yyr4^^^^—'r^^^^<o^^^. 

mfi^h\>mmx^^x.o\^. ^^-r—y - ^i^-'r^cy 

20 ^3 OCOt^^L-JKSf^. (Aa + Aab)/2< (Aab 
+ Ab) /2< (Ab-hAbc) /2< (Abc + A 
c) /2< (Ac + Acd) /2< (Acd-fAd) / 

2<Dmmch^<D'^^^J^\^\ 

[0 0 7 5] m3\Z:}S\^Xit. ^^—y* ^^—"T 

>r:x^3 0 a joJ:T/3 0 b (^^^J-t^lHllff^&^miS^m^ 

' ^\^'~y'>{>^(DmMm.^^m^^^^^\^Wii^x 

30 60 

[0 0 7 6] [US tC^ \^fz%y ^ 1 0 a coffl^^ijr* 
i = l. 2i:L. ;?5^o, N= 3 LTSb5<7>T% |U 
©-r?te^'^Bl©@<^FBGgI$2 8 a ^C:^oV^-C^t. Hi 
1 6 a OII27K- h bfiijTi^P^lllI 
l|i*5j;t5ll2(D^-r-:=^- ^i^-t-^>^3 o a 

joJ:U^3 0 b^tg^JtC^lfCfc^o ||2^gc7>F 
BGgr^2 8 btC:fc^V^Tfl. B 2 S g 1/— 
1 6 bco||2AK- h bftij;i-p5liitc. ||3:fci:U^||4(^^ 
Y — "7" • >:/3 0 c*5j:U«3 0 d ^m,V\\\ZWL 
40 tt-C$>^o ±fz^ B3@@(OFBGgi$2 8 e ^C^^V^T 
t^. ma^gO^tf—^^^l- ^ 1 6 e(7)||24<- h b 

>/3 0 e:^octt/3 0 f ^^mz.m^X^^. 
[00 7 7] FBGSI52 8 a-2 8 ccO#^S:^^l 

mco^-r-:/ • 7^>r >^ (30a ^3 0 

b ; 30ci:30d ; 30e^30f) ^WA<0%y r 
^^{r^ttT tSv^L. ^'^o:>%yr4^^\z.WL\-1X^^ 
\\ $f^U<fi. i*(^)^>^r-r^-<<^^T(r, 20-ro 
=^^—^ Yyr-<^^^^-=r^>^'%:^k\.^fmfSL\^X 
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^^^^ d^^i\'\^xmmrr^^j^^mt^^^^\ rofci^). m 
10 0 7 8] ^{c, m 2 (Dmmo:>mm(oit'7 ^ /u-^ i o 

[0 0 7 9] rrT\ JSftA 11^. "mX^D^^-^ 

0 a £7)RW2Kft^i«(-^^tt^ t(D<!:-r 
6 (Aa<Al<Aab) o iSS A 2 fi. IS 2 Of" -y — 

(Ot-r^ (Aab-<A2<Ab) o ?SS A 3 fi. 1^3(7) 
. :^^3 0 c cDS^jgfS^JSt^-a* 

{Ab<A3<Abc) „ iSS A 4 (i. 
||4<D^-^--:/ • V^3 0 d(DS#t^SS»*S 

t^^^tL6t>(7)i:-r6 (Abc<A4<Ac) « iSS A 

(Ac<A5<Acd) . 
^SfiA6fl. ^6 0^-r— • ^^—^-f ^^3 0 f CO 
St+&ft^i^t-^^tt6t>Oi:-r^ (Acd<A6<A 
d) o 

[oo8o]$fe-r. ^L^&^xi-xetm^^m^n 

tzytiE^-'t^y ^ 10a (OKt^if-— f 1 2 dA;'^ ^ 

IS l^gO^i^— =3r^ 16a 1 h a:fcj; 

tK^2:1^- h bS:^Tl|lSgOFBG|F15 2 8 a (;iA;^ 

[ 0 0 a 1 ] ^^-^^ A 1 A 6 <o%m^(D 0 ^<r>^ ^ 
'il^^SSA I4BJ:I>*A ^(D%\t^\%. i|lSg(7)FBGSP 
2 8a tCj:oTS#t$a5o 't'^L^feftA 1 

(D%\%^\±^ IglO^^-T^'^l v^-^'V^SOalC 

T. ^2(D5"-^-y^-- i/U-x>r 0 bX'Stt^n 

-So ::omtcJ:f9. ^-^L^^Sft a 2co^ft-^oSig55'tfc 

10 0 8 2] -^LT. S#t$4xfcA l:ioi:O^A 2<7)*{t 
-^(i. m2;K-hb^STBt>*3tf— ^VolU-^I 6 a 
{cA;^-r5o mi^g(^^1^-^^i^-^ 1 6 a{cSt>* 
A;^^nfc4»>il-RSA 1 *5J:t/A 2(D*{t-^(i. I^S^K 

-he S:^Tmi^@iOW;^#- h 1 4 a ^^-b^t^'-Y/^ 

^ 1 0 a (n>9VU^t^f}^f^^. 

[0 0 8 3] l^'L^Rfi A 1 - A 6 (D%m%(D 0 

<D, ^i.L^StgA S-A 6(7)3t{t^*i. mi^^<DF BG 
^2 S a^mi&i-^o miSgOFBG?f|52 8 aS:Si§ 
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U—^ 16b 1 tK— h a \zAt]ir^^ 
[0 0 8 4] ^2&^(D^^-^z^\y—^ 1 6 bO^l 
7i^—h a {CAtl^fhfz^^L-m^X 3 -A 6(D^m^l^. 
m 2 4^— h b ^^T. m 2 S g F B GifP 2 8b A;^ 

<D^ «ti^L>SftA 3:}oJ:0!A 4 03t:{t-^fi. ^2Sg<?DF 
BGSP2 8 bdJCoTRtt^tV^o M^i^^iia^. 
ftA 3c0^m-§-(l. ||3c^^-r— ■T' • ^W-—- >'^3 
10 0 cSr J:o-cslt^n^o r<DK#tt::<J: 19. 4^>L^S*A 
3<D^ft^(7)J6ft^^tfe:05M{S^tt5o ^fc. q^^L^SSA 
4(D^{t-^(i. |S3 0^-r--r • ^^^3 0 c 

^SiSUr. Il40^-v— :/ • ^u—T^^f v^3 0 d{- 

[0 0 8 5] -tUT. Stt^nfdA 3*5J:r)^A 4 (D^t^ 
-^ti. ||2 7|^-hbS:ilTSU^Il2^S(D:)tf— 

1 6 btcA:^^tvao ^2©:g(0*-9— -:^r^i-'-^ 
1 6 bEcSt5A;^^tifc4'>L^KSA 3:}BJ:t)^A 4<DMt 
20 -^(i. ^3aK- h c 4:«T^2^gc7)m;^4^- M 4 b 
t^hity></^^ 1 0 a tD^gi$--i:W;^i"^o 

[0 0 8 6] — A 3 - A 6 <D^m^<D o 
<D^ tp.L^jSSA 5iBj:t/A eo^tm-^ti. |g2©g(7)F 
BGa52 8 b^rSii-f-^o ||2SgcDFBGla52 8 b^ 
Si§L/c4^>i>JSfiA 54BJ:t)^A BO^m^fi. Il3^g 

<^^f-^^^ t ^ 16c 1 h a tCA;^-f 

[0 0 8 7] ||3S@^D^i^— ^^l/— ^ 1 6 c 1 
h a lcA;^^ixyt:fp>L'^iSSA 5*3J:tJ?A 6 co^tff-^ 
(i. |g2 7^f-hb^S-C. ^3©@CDFBGgI52 8 ct:: 
30 Kti^^^o -^bT. 4^^L^^SSA 5*5j;t>*A 6 0^m-^ 
f^.^3^i(?)F BGa52 8 c {;iJoV>-CS#t$:^^o * 

*fc. ^^DiSSA 6(D3tm-^(±. ||5co^-r-:/ • ^l-' 
— v^>f >^3 0 e ^rSiSbr. ^60^-^--^ ■ ^/P- 
7^^ >^3 0 f t;iJ:o-cSlt^n6o 

[0 0 8 8] ^br. St+^ttyt A 5:Jo<tt/A ^(D^m 
40 -^(^. ^2 7^- h bS:^TSt>*lg3©g(0*1^-=^^ 1/ 

-^1 6c{rA;^-r^o m3Sg(0)ti^-^^i/-^ 1 
6 c\znxIAf}^nt:i^*L^1I^^X 5*5J:t/A 6£0*m# 
fi. II 3 7l^- h c ^Sr. ^:7>r/l.^ 1 0 a (7)^3©g 
(OI±l;'j7K— h 1 4 c 7!)^P>3t:7>r/i'^ i 0 a (D^S-^^tl^ 

[00 8 9] :z<DXo\:^. -<D^y^ji^^iO{zXfi , 
A;^3^- h 1 2 i^A;'^ Lfc^^'L^i^S A l - A 6 (7)^ 
^^m(Dmn^-^. ^'L^f^^X l:irSj:r^X 2 *'L-K 
ftA 3:Jb^jrtJ^A 4 .h. 4»'ll^&fiA 5:Jait>*A 6 ilC^J-Sd 

50 i*tc. ^tit'^(D^m^-<D^&W7^m^mm't^o -eu 
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4c{zmtj-t^o 

[0 0 9 0] f^^ me^^—y' ^u-T^^^'^/ao f 
3 0 f <Dm.i&i:m (^ti^m w^mtst t^xm^i^x^ 

[0 0 9 1] ^fc. :i(Dmf&mx\t. l-A. 

[00 9 2] ±mL^fzmm(Dmmxn^ :i<D^m^mm 
(D^i^xm^\^rcm\c<>\^^xmmLfzrK :z(DmMi^. 

[0 0 9 31 *fc. t?ij;tf^. Jbitif^^ 2 (0^ffic?5J|^^T* 
^FBG©Str, 2 0-focO^-V' — - ^5^1^— 7">r 
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[0 0 9 4] 

- v\zKf)^n^is,^^m%m^^^(D^mzm\:^x^ 
M<DWL<D%m^'rr>\z^w.i.xmm<Dmti^^- vt^h^ 

[0 0 9 5] S/d. 

20 [0 3] m2<DmM(r>wm<D^y ^ ^^^(omj&<r)mm\c 

10. 1 0 a : 

1 2 : A;^?J^- h 

14 3 — 140 : Wj'JtK— h 

1 6 a 1, 6 c : ^ 

1 8 a — 1 8 c : F BG^FP 

2 0 3 — 200 : ^-r^>^ ' ^U— 
2 2 a — 2 2 c : ^ U—'r ^ 

30 2 6 : :7'K:7t-<''<^i^— 7^>r (^-v— 

2 8 a— 2 8 c : F B GgP 

3 0 a — 3 0 f : ^-r^^ - ^\^—'t4>^ 
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